vidin, Pierce) was used in place of conventional avidin 
The ion-molecule reaction N13+ + ND3 has been studied at various collision energies (1 to 5 electron volts in the center of mass) with preparation of the NH3+ reagent in two nearly isoenergetic vibrational states. One state corresponds to pure out-of-plane bending of the planar NH3+ ion (0.60 electron volts), whereas the other state is a combination of in-plane and out-of-plane motion (0.63 electron volts). The product branching ratios differ markedly for these two vibrational-state preparations. The differences in reactivity suggest that the in-plane totally symmetric stretching mode is essentially inactive in controlling the branching ratio of this reaction.
Most chemical reactions are statistical in nature, and their course cannot be controlled by the excitation of different vibrational motions of the reactants, but outstanding exceptions are known to occur for small reaction systems (1, 2) . For example, H (3) (4) (5) (6) or Cl (7) (Fig. 1A) . In addition, a slight lengthening of the N-H bond can excite the in-plane totally symmetric stretch vibration (15, 17) , referred to here as the breathing mode (v1) ( (out-of-plane totally symmetric bending mode) and (B) the breathing mode (v1) (in-plane totally symmetric stretching mode). The extremum of the vibrational motion, in black, is compared to the equilibrium geometry, in gray. IB). An additional photon ionizes the molecule from the electronically excited state. Because the geometry of the Rydberg state is almost the same as that of the ion, the vibrational state prepared in the intermediate state is retained in the ion. With this method, NH3' ions are generated with 80 to 100% efficiency in a single vibrational state that can be just umbrella mode excitation (14) or a combination of breathing mode and umbrella mode excitation (18) .
Reactions are carried out in a guidedion-beam quadrupole-octopole-quadrupole mass spectrometer, which has been described in detail elsewhere (19) . A beam of vibrationally excited ions with a controlled kinetic energy passes through a collision region into which the neutral reactant is introduced as a thermalized gas. The collision energy of the reaction is determined by the potential difference between the region in which the ions are formed and where they can react. An octopole ion guide brings the mass-selected reactant ions to the collision region and subsequently directs the unreacted ions and the newly formed product ions to the second quadrupole mass filter. The measured product-ion signals are used to determine the product 260 branching ratios. All product channels are expected to be detected with the same efficiency at the conditions and collision energies in the present work (19) .
We have studied the NH3+ + ND3 reaction using multiphoton ionization to prepare the NH3+ reagent in two nearly isoenergetic vibrational states. The NH3 + reagent is prepared with one quantum of breathing motion and two quanta of the umbrella bending motion (denoted by v, -1, v2 = 2 or 1122) at a total internal energy of 0.63 eV (15, 20) , or it is prepared with no breathing motion and five quanta of the umbrella bending motion (denoted by v1 -0, v2 = 5 or 1025) at a total internal energy of 0.60 eV (20, 21) . A strong dependence of the product branching ratio of this reaction on the reactant-ion umbrella-mode excitation has been previously observed (13, 22) , but the comparative effects of other types of vibrational motions have not been investigated. The excitation of differing vibrational motions in the reagent ion addresses directly the question of whether it is the amount of internal energy that influences the reaction outcome or if the type of vibrational motion can also be a factor.
The product branching ratios as a function of center-of-mass collision energy for the two nearly isoenergetic vibrational levels of the NH3 + reagent are presented in Fig.  2A . The proton transfer channel is enhanced for 1122 NH3+ excitation relative to 1025 excitation, whereas the other two product channels, deuterium abstraction and charge transfer, are depleted. Given the jiiiii~~A nearly identical internal energies of the reagent ion, Fig. 2A indicates that this polyatomic ion-molecule reaction is mode selec------; tive.
To determine the extent to which the ; .zzx reaction outcome has been affected by the differing umbrella mode excitation in the two state preparations, we compared identical amounts of umbrella mode excitation with (v1 = 1, v2 = 2 or 1122) and without (v1 = 0, v2 = 2 or 1022) breathing mode excitation. These preparations correspond to internal energies of 0.63 and 0.24 eV, respectively. Over the collision energy + range studied, the breathing mode does not 4.0 5.0 significantly influence the product branching ratio for this reaction system (Fig. 2B) ing reaction outcome. The three product channels are believed to result from direct mechanisms (22) (23) (24) , which means that the duration of the reactive interactions is less than a rotational period (-1 ps). These brief interactions do not provide sufficient time for the energy of the reacting species to become extensively redistributed. Therefore, sensitivity to the vibrational state of the reactant ion is not unexpected. The difference between vibrational excitation of the umbrella mode and the breathing mode is more difficult to understand considering the previous work demonstrating the significant role that umbrella mode excitation plays in this reaction system (13, 22, (24) (25) (26) (27) ). The product branching ratio was sensitive to both collision energy and umbrella mode excitation, with the latter being nearly four times more effective than the former (13). These results were rationalized by a reaction model in which vibrational motion along the reaction coordinate enhances reactivity whereas motion perpendicular to the reaction coordinate hinders reactivity or is ineffective. This model successfully explained why umbrella mode motion enhances deuterium abstraction (Eq. la) but hinders proton transfer (Eq. ic). The breathing mode excitation is expected to represent motion along the reaction coordinate of the proton transfer channel. In this context, the relative inactivity of the energetic breathing mode [1 quantum = 0.39 eV (15) ] is puzzling and requires a theoretical treatment more detailed than the simple consideration of the NH3+ + ND3 reaction as the dynamics of three quasi-particles, NH3+ and D-ND2 (28). In the western Ross Sea (Fig. 1) , a large polynya forms north of the Ross Ice Shelf in late spring. The availability of light and nutrients within this polynya favors algal growth, and blooms of phytoplankton (pigment >1 mg m-3) have been observed there in mid-January and later (1) (2) (3) (4) (5) (6) (Fig. 2A) . By 23 December, the western margin of annual sea ice had receded westward and a dense phytoplankton bloom had developed near the retreating ice edge between 730 and 750S, increasing the size of the high-pigment (.10 mg m-3) region to >126,000 km2 (Fig. 2B) .
The CZCS image for 5 January (Fig.  2C) , although contaminated by clouds, revealed that the area of high pigments had diminished substantially and that the phytoplankton bloom was in a state of decline. By 16 January, pigment concentrations over much of the region had dropped to 0.2 to 2.0 mg m-3 (Fig. 2D) (4) (5) (6) . Like the CZCS studies, these studies observed waters with low chlorophyll a content north of 750S and pigment concentrations ranging from 2 to 7 mg m3 southward to the Ross Ice Shelf. This agreement, along with results from validation studies of CZCS for the Southern Ocean (8) , strongly imply that our estimates of pigment concentration in the Ross Sea are reliable. Table 1 . Seasonal change in CZCS-derived pigment concentration and primary production in the western Ross Sea. Primary production was calculated for each valid pixel according to the regression model of Eppley et al. (12) and averaged for the full scenes shown in Fig. 2 . This model is based on an empirical relation between the mean pigment concentration in the top optical depth and the rate of primary production in situ. It does not require knowledge of the euphotic or mixed layer depth. Rates of primary productivity calculated by this regression, which includes data from the Arctic Ocean and the Southern Ocean, show good agreement with in situ rates of primary production in the western Ross Sea. For example, in situ studies of waters containing 1.5 Dec. 1978 
